A new tridentate ligand incorporating a monoxime and thiosemi-carbozone moieties has been synthesized. Its copper(II), nickel(II) and palladium(II) complexes have been prepared and characteirzed by physical and spectral methods. Elemental analyses and spectroscopic data of the metal complexes are consistent with the formation of a mononuclear copper(II) complex and binuclear complex with both nickel(II) and palladium(II). In the copper(II) complex the fourth coordination site is occupied by nitrate ion. In the binculear complexes the fourth coordination site is occupied by the deprotonated oxime oxygen of the ligand coordinated to the other metal.
Introduction
During the last decade, great attention has been given to the area of multinuclear complexes with extended bridges, 1, 2 mainly because of the need to gain insight into the electron transfer pathways in biological systems. 3 Several metal complexes have been synthesized in order to obtain detailed information about the exchange mechanism in these systems since biomolecules with multinuclear metal centres are known to be involved in important biological processes such as catalysis. 4, 5 The homomultinuclear copper complexes of macrocyclic or macroacyclic ligands have been reported to undergo redox reactions similar to the active sites in several metalloproteins and has also proved to be efficient catalysts under mild conditions. [6] [7] [8] Complexes with mixed oxime and Schiff base ligands coordinated to Co(III) have been reported to show superior electrochemical properties and biological behavior, as vitamin B 12 mimics, than do the complexes with either oxime or Schiff base ligands alone. 9, 10 The chemistry of transition metal complexes of thiosemicarbazone has been investigated extensively. These studies were largely driven by their biological properties. 11, 12 Thiosemicarbazone usually coordinates to a metal ion either by the neutral thione form or by the anionic thiolate form. 11 However, incorporation of a third donor site (D) into these thiosemicarbazone ligands linked to the carbonylic carbon via one or two intervening atoms usually results in D,N,S tricoordination 11 as shown in (I). Though, the thiosemicarbazone moiety of the free tridentate ligand (I) exists in the thione form, 13 it is known to bind as a dianionic tridentate D,N,S donors.
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The present paper describes the syntheses and characterization of the new ligand 2-oximino-3-thiosemicarbazone, 2,3-butanedione (H 2 otscb) and its new complexes with Cu(II), Ni(II) and Pd(II). The properties of the complexes were investigated by magnetic, cyclic voltammetry and spectroscopic methods. The study of oxime metal chelates are of special interest owing to their biological activities and semi conducting properties.
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Experimental Section
Preparation of ligand and complexes: Schiff base 2-oximino-3-thiosemicarbazone-2,3-butanedione, (H 2 otscb), (II): 2,3-butanedione monoxime (8.1 g, 80 mmol) and thiosemicarbazide (7.3 g, 80 mmol) were mixed in 85% EtOH/H 2 O (250 mL). The mixture was boiled under reflux with stirring for 4 h. The solution was reduced to half of its original volume on a water bath and the resulting white solid was collected by suction filteration and washed with cold EtOH. (Table 1) were carried out at room temperature (298 K) using Johnson Matthey susceptibility balance and calculations were made using computed values of Pascal constants for diamagnetic corrections. Molar conductivities (10 −3 M in DMSO) were measured with CMD 8500 Laboratory Conductivity Meter (Table  1) . Thermogravimetric data were obtained on Perkin-Elmer TGA7 unit (heating rate 5 o C, min −1 ). Cyclic voltammetric studies were carried out on a potentiostate/wave generator (Oxford Electrodes). Using a platinum working electrode, in conjunction with a Phileps PM 8043 x-y recorder.
Results and Discussion
The synthesis of 2-oximino-3-thiosemicarbazone-2,3-butanedione (H 2 otscb) (II) was accomplished in good yield (85%) by reacting 2,3-butanedione monoxime with thiosemicarbazide in aqueous EtOH at 100 o C after recrystallization from EtOH (Scheme 1).
The structure proposed for this ligand is consistent with data obtained from elemental analysis data and 1 H-n.m.r spectrum. In the proposed structure of the (H 2 otscb), three sites are available for the complexation of metal ions in mononuclear copper complex (III) as depicted in Figure 1 . Additional site arrising from oxime oxygen atom is involved in complexation of metal ions in dinuclear nickel and palladium complexes (IV-V) shown in Figure 1 .
The colours molar conductivities and magnetic susceptibilities of the metal complexes of (H 2 otscb) are shown in Table  1 . Brown and Green colours are common to complexes The infrared absorption bands are most useful for determining the ligand's mode of coordination. These absorptions are given and assigned in Table 2 . No characterestic absorption assignable to C=O function was found, confirming the formation of the Schif base ligand. The shift of the imine ν (C=N) band of the oxime thiosemicarbazones from 1595 cm −1 to 1527-1572 cm −1 for the metal complexes indicates coordination of the imine nitrogen. [18] [19] [20] On loss of -NH proton in thiosemicarbazone moiety in the complexes, an additional ν (C=N) absorption is found at higher energy than ν (C=N) of the uncomplexed thiosemicarbazone. 21 In this study all synthesized complexes have shown this band at 1627-1633 cm . 24 The ν (N-O) streching vibrations for the dinuclear metal complexes (IV-V) shift to lower frequency and for the mononuclear complex to higher frequency suggesting that the oxime groups are nitrogen coordinated. The absence of O-H streching vibrations for dinuclear complexes indicates that the oxime groups are oxygen coordinated too. Two oxime groups, which are derived from two different (H 2 otscb) anions, are coordinated to two nickel (II) or palladium (II) ions to form six membered ring bridge. 25 The ν (MS) bands have been assigned in the 350 cm −1 region confirming the coordination of the sulphur atoms. 26 Bands in the 470-502 cm −1 region are assigned to ν (MN) vibrations, supporting the coordination of the ligands as tridentate NNS chelating agents. 23 The isolated dinuclear complexes (IV-V) show extra bands at 420 cm −1 which may be due to ν (MO) in these complexes and suggesting the coordination of the oxygen atoms. 27 Absorption due to the nitrato ligand in momonuclear copper (II) complex (III) were found at 1405 and 1311 cm . 28 The infrared data confirms the existance of an unusual structural feature which consists of pair of metal ions (nickel or palladium) bridged by two oxime groups in a planar six membered ring conformation, Figure 1 . All the infrared data support coordination of copper (II) ions to NNS doner groups of (H 2 otscb) and to the nitrato monoligand and are consistent with the proposed structure for the mononuclear complex (Fig. 1) .
The electronic absorption data (DMSO solution) are given in Table 3 . Strong absorption in the uv range and a week absorption in the visible range are observed. The former may be attributed to the charge-transfer transition and is thought to be d-Π oximate in character. 29 The latter may be attributed to the d-d transitions. The band at 380 nm in the nitrato complex (III) is absent in the spectra of (IV-V) complexes and is attributable to (nitrato O → Cu(II)) ligand to metal charge transfer transition.
14b The d-d band of complex (III) is similar to those shown by five coodinate Cu(II) complexes. 27, [30] [31] In all complexes, d-d transitions were observed at ca 480-603 nm. The energy of the d-d transition of complex (III) Table 2 . Infrared spectra and assignments of 2-oximino-3-thiosemicarbazone-2,3-butanedione (Hotscb) and its metal ion complexes (cm sugests distorted square pyrimidal geometry. 32 The bands near 340 nm for complexes (IV-V) are due to S(σ, π) → M(II) charge transfer bands. 13 The thermal behavior of the reported complexes was investigated using T.G. technique and the resulting data are given in Table 3 , 0.424 mg) shows the first weight loss endotherm between 287-380 o C which may be attributed to the release of two NH 2 CSN fragments 33 (found 28%, calcd 27.7%). The last step for the degradation of all complexes under investigation may be due to the formation of mixed metal oxide and sulphate. 34 The electrochemical properties of the complexes in organic media were investigated by cyclic voltammetry. The data are summerised in Table 3 . The I-E profiles of the mono-and dinuclear complexes are different and their cyclic voltammograms are shown in Figure 2 *Under line data represent a % of found weight loss and (Calcd).
